Recently, a novel physiologically active peptide, kisspeptin (metastin), has been reported to facilitate sexual maturation and ovulation by directly stimulating GnRH neurons in several mammalian species. In spite of its importance in the neuroendocrine regulation of reproduction, kisspeptin neurons have only been studied in mammals, and there has been no report on the kisspeptin or kisspeptin neuronal systems in non-mammalian vertebrates. We used medaka for the initial identification of KiSS-1 gene and the anatomical distribution of KiSS-1 mRNA expressing neurons (KiSS-1 neurons) in the brain of non-mammalian species. In situ hybridization for medaka KiSS-1 gene cloned here proved that two kisspeptin neuronal populations are localized in the hypothalamic nuclei, the nucleus posterioris periventricularis (NPPv) and the nucleus ventral tuberis (NVT). Furthermore, NVT KiSS-1 neurons were sexually dimorphic in number (male neurons >> female neurons) under the breeding conditions. We also found that the number of KiSS-1 neurons in the NVT but not that in the NPPv was positively regulated by ovarian estrogens. The fact that there were clear differences in the number of NVT KiSS-1 neurons between the fish under the breeding and non-breeding conditions strongly suggests that the steroid-sensitive changes in the KiSS-1 mRNA expression in the NVT occur physiologically, according to the changes in the reproductive state. From the present results, we conclude that the medaka KiSS-1 neuronal system is involved in the central regulation of reproductive functions, and, given many experimental advantages, the medaka brain may serve as a good model system to study its physiology.
Introduction 1
A growing body of evidence suggests 2 that KiSS-1 gene product kisspeptin 3 (metastin) plays a critical role in 4 reproduction by inducing gonadotropin 5 release via the G protein-coupled receptor 6 GPR54, which are suggested in mammals 7 to be expressed in hypothalamic (POA) 8 gonadotropin releasing hormone (GnRH) 9 neurons (1-9). The lack of GPR54 leads to 10 abnormal sexual development in mice and 11 to hypogonadotropic hypogonadism in 12 humans because of low circulating 13 gonadotropin concentrations (10-12). The 14 kisspeptin neurons have been localized in 15 several hypothalamic nuclei including the 16 arcuate nucleus (ARC) and anteroventral 17 periventricular nucleus (AVPV) in rodents 18 and sheep (1, (13) (14) (15) , which have been 19 suggested to be negative/positive feedback 20 regulator of the hypophysiotropic GnRH 21 neurons, respectively (15) (16) (17) (18) . 22 Despite its importance in the 23 neuroendocrine regulation of 24 reproduction, kisspeptin neurons have 25 only been studied in mammals, and there 26 has been no report in non-mammalian 27 vertebrates except for a few studies about 28 its receptor, . This is of 29 great disadvantage to the understanding of 30 neuroendocrine control of reproduction 31 and reproductive behaviors, because the 32 non-mammalian vertebrates, especially 33 teleosts, have greatly contributed to our 34 understanding of the GnRH neurons 35 especially at the cellular level (e.g., see 36 23, 24). The 37 hypothalamo-pituitary-gonadal (HPG) 38 axis is critical for reproduction and is well 39 conserved among the vertebrate species. 40 However, teleosts have an interesting 41 characteristic among the vertebrates in that 42 the hypothalamic GnRH neurons directly 43 project their axons to the pituitary, which 44 enabled direct amperometric measurement 45 of GnRH secretion in the pituitary (25) . 46 Moreover by in situ hybridization ( (Fig. 4) , in one male-one 697 female paired tank (Fig. 2, 3) , and in 698 a mixed population of some males 699 and females (Fig. 5) . However, it 700 should be stressed that we used the 701 fish under the same conditions for 702 each category of experiment, for 703 instance, all the fish for the Sham, 704 OVX and OVX + E in Fig. 4 the NVT was significantly less in OVX animals (n = 4) than Sham (n = 4). E treatment (OVX + E, n = 4) completely reversed the effects of OVX. (h) In the NPPv, there was no significant change in cell number. Scale bars, 50 µm. *, significant difference (P < 0.05). All values are presented as the mean ± SEM. Note that all the female fish were kept in isolation for the purpose of experimental procedures, which led to the generally decreased number of NVT KiSS-1 neurons compared with the fully breeding conditions in Fig.3 . NVT and (l) NPPv in female. Scale bars, 50 µm. *, significant difference (P < 0.05). LD, long-day conditioned (breeding); SD, short-day conditioned (non-breeding). 
